Background/Aims: Hyperphosphatemia is common in patients on hemodialysis. The efficacy of lanthanum carbonate (LC) in the treatment of hyperphosphatemia in these patients remains controversial. The objective of this meta-analysis was to evaluate the effect of LC on all-cause mortality in patients on maintenance hemodialysis. Methods: We electronically searched the PubMed, EMBASE, and Cochrane Library databases for all randomized controlled trials (RCTs) comparing LC with other phosphate binders used in adult hemodialysis patients, including calcium carbonate, calcium acetate, and sevelamer. Results: Nine RCTs involving 2813 patients were suitable for inclusion. Our results showed that all-cause mortality was significantly lower in patients who received LC than in those who received standard therapy (odds ratio [OR]: 0.45, 95% confidence interval [CI]: 0.32-0.63, P<0.00001). Compared with the controls, patients who received LC had significantly lower serum calcium and higher serum intact parathyroid hormone levels. However, there was no significant difference between the groups in the cardiovascular event rate (OR: 0.58, 95% CI: 0.31-1.06, P=0.07) or in serum phosphorus levels. Conclusion: Compared with standard therapy, LC reduced all-cause mortality in patients on hemodialysis but did not decrease the risk of cardiovascular events. The decrease in serum phosphorus level was similar between LC and the other phosphate binders, but the risk of hypercalcemia was lower in patients who received LC.
Introduction
The morbidity of end-stage renal disease (ESRD) is increasing with years, in addition to the primary kidney disease, secondary kidney diseases, such as diabetic nephropathy, hypertensive nephropathy and multiple myeloma nephropathy are also important causes of ESRD. Hemodialysis is the main treatment for ESRD. However, hemodialysis has a limited ability to remove phosphorus, so hyperphosphatemia is a universal complication in patients receiving this treatment [1] . There is much evidence that high serum phosphorus levels contribute to cardiovascular damage, secondary hyperparathyroidism, and soft tissue calcification [2] . In addition to restricting dietary phosphorus intake, use of oral phosphate binders is important to reduce the serum phosphorus level.
A number of phosphate binders are available and are widely used in patients on hemodialysis [3] . However, which phosphate binder is best is still controversial for the following reasons: aluminum-based salts have toxic effects that can lead to serious hematological, neurological, and skeletal adverse events [4] ; calcium-based phosphate binders can cause hypercalcemia and vascular calcification [5, 6] ; magnesium-based salts have more gastrointestinal side effects and lower efficacy [7] ; and sevelamer hydrochloride has the potential to decrease serum bicarbonate levels [8] .
Lanthanum carbonate (LC), which does not contain aluminum or calcium, was approved for the management of serum phosphate levels in hemodialysis patients several years ago. Many studies have since confirmed that LC is highly effective for this purpose, but it remains unclear whether LC is better than other phosphate binders. The aim of this meta-analysis was to compare the efficacy of LC with that of other phosphate binders in hemodialysis patients.
Materials and Methods

Inclusion criteria
All randomized controlled trials (RCTs) that compared LC with other phosphate binders, including calcium carbonate, calcium acetate, sevelamer, and magnesium-containing or aluminum-containing phosphate binders, in adult hemodialysis patients (aged ≥18 years) were included. The main outcomes were all-cause mortality, cardiovascular events, and serum phosphate, calcium, and intact parathyroid hormone (iPTH) levels.
Search strategy
Two authors electronically searched the PubMed, EMBASE, and Cochrane Library databases updated to April 22, 2017 using the terms "hemodialysis", "lanthanum carbonate", and "Fosrenol". No restrictions on language or year of publication were imposed. The reference lists of all identified studies were scanned for more potentially eligible studies.
Data extraction
All relevant data obtained by the search strategy were screened and extracted by 2 investigators working independently. Information on authorship, year of publication, country of origin, sample size, agent used in the control group, outcomes, and duration of follow-up was extracted from the included studies. The original authors were contacted by email if data were not available.
Quality assessment
Two reviewers independently assessed the risk of bias for each study using the criteria in the Cochrane Handbook version 5.0.1. Disagreement was resolved by discussion until consensus was reached. Each study was assessed for methodological quality, which included sequence generation, allocation concealment, and blinding method used, as well as potential sources of bias, including incomplete and selective reporting of outcomes.
Statistical analysis
The statistical analysis was performed using Review Manager 5.3 (The Cochrane Collaboration, Copenhagen, Denmark). The I 2 statistic was used to estimate the heterogeneity between studies. For studies with I 2 ≥50% and P<0.1, heterogeneity was considered significant and so a random-effects model was used. If there was no significant heterogeneity, a fixed-effects model was used. The results are expressed as the weighted mean difference (WMD) for continuous variables and as the odd ratio (OR) for dichotomous outcomes, both with the 95% confidence interval (CI). A P-value <0.05 was considered statistically significant. A funnel plot was used to evaluate potential publication bias.
Results
Study selection
In total, 746 studies were identified using the above-mentioned search strategy, 9 [9] [10] [11] [12] [13] [14] [15] [16] [17] of which were eligible for inclusion in our meta-analysis. Together, these 9 studies involved 2813 patients. Two hundred studies were excluded because of duplication, 498 based on the titles and abstracts, 28 because of ineligible comparisons, and 11 because the patients were undergoing peritoneal dialysis ( Fig. 1) .
Characteristics of included studies
The study characteristics are shown in Table 1 . Three studies [13, 16, 17] compared an LC group with a control group using older phosphate binders (mainly calcium carbonate, calcium acetate, and sevelamer). The other 6 studies [9-12, 14, 15] compared LC and calcium carbonate. All 9 studies were parallel RCTs.
Quality of the studies Quality assessment for the 9 studies is shown in Table 2 . We assigned "Yes" for a low risk of bias, "Unclear" for an uncertain risk of bias, and "No" for a high risk of bias according to the quality assessment instrument in the Cochrane Handbook version 5.0.1.
Outcome measures
All-cause mortality. Six studies [9-11, 13, 16, 17] with data available for all-cause mortality were included in the analysis. There were 56 deaths in the LC group (n=869) and 115 deaths in the control group (n=861). The all-cause mortality was significantly lower in the LC group than in the control group (OR: 0.45, 95% CI: 0.32-0.63, P<0.00001), with no significant heterogeneity (I 2 =0%, P=0.45; Fig. 2a) .
Cardiovascular events. The most common cardiovascular events were arrhythmia, hypotension, angina pectoris, and edema. Four studies [9, 10, 15, 16] that reported the incidence of cardiovascular events were included in the analysis. There was no significant difference in the cardiovascular event rate between the LC group and the control group (OR: 0.58, 95% CI: 0.31-1.06, P=0.07), with significant heterogeneity (I 2 =64%, P=0.04; Fig. 2b ). Serum phosphorus. Data from 6 studies [9] [10] [11] [12] [13] [14] could be included in the analysis. There was no significant difference in the serum phosphorus level between the LC group and the control group (WMD: 0.10, 95% CI: -0.14, 0.33, P=0.44), with no significant heterogeneity (I 2 =17%, P=0.30; Fig. 3a) . Serum calcium. Five studies [10] [11] [12] [13] [14] were included in this analysis. Serum calcium level was significantly lower in the LC group than in the control group (WMD: -0.53, 95% CI: -0.67, -0.39, P<0.00001), with no significant heterogeneity (I 2 =0%, P=0.72; Fig. 3b ). Serum iPTH levels. Four studies [10, [12] [13] [14] were included in the analysis. Serum iPTH level was significantly higher in the LC group than in the control group (WMD: 68.94, 95% CI: 34.55-103.33, P<0.0001), with no significant heterogeneity (I 2 =0%, P=0.73; Fig. 3c ). Publication bias. We examined a funnel plot using serum calcium level as an outcome. The plot was roughly symmetrical (Fig. 4) in that all scatters were substantially symmetrical and basically fell within the confidence limits, but were mostly distributed in the upper funnel plot, indicating no significant publication bias. 
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Discussion
The results of this meta-analysis suggest that LC could achieve a greater reduction in allcause mortality compared with standard therapy, mainly including calcium carbonate, calcium acetate, and sevelamer, in patients on hemodialysis. There was also a tendency for reduction of the risk of cardiovascular events on LC, but this did not reach statistical significance. Interestingly, we also found that the serum calcium level was lower and serum iPTH level was higher in patients receiving LC than in those receiving standard therapy. No difference in serum phosphorus level was observed between LC and other phosphate binders.
Chronic kidney disease is a global health problem [18] , and hemodialysis is the primary treatment in patients with ESRD [19] . However, hemodialysis has some drawbacks, and electrolyte disorders such as hyperphosphatemia are common in patients on this treatment [20] . It has been reported that increased serum phosphate levels are independently associated with increased morbidity and mortality in patients on hemodialysis [21, 22] . Use of oral phosphate binders is important for reducing the serum phosphate level [23] . In the past, carbonate, calcium acetate, and sevelamer were often used for this purpose, but with unsatisfactory results. LC, a novel aluminum-free, calcium-free phosphate binder with low oral bioavailability of lanthanum [24] dissociates in the upper gastrointestinal tract after oral administration and binds phosphate released from food [25] . Several studies have demonstrated the therapeutic effect of LC on hyperphosphatemia [26, 27] . A previous systematic review conducted by Jamal et al. demonstrated a 22% reduction in all-cause mortality in patients receiving non-calcium-based phosphate binders (mainly sevelamer) when compared with those who receiving calcium-based phosphate binders [28] . Another meta-analysis by Zhai et al. found no statistically significant difference in all-cause mortality between patients on peritoneal dialysis or hemodialysis who were receiving LC and their counterparts receiving calcium-based phosphate binders [29] . However, the efficacy of LC has been inconclusive.
In our meta-analysis, we compared the all-cause mortality as well as other parameters, including cardiovascular events and serum phosphate, calcium, and iPTH levels, between patients on hemodialysis receiving LC and those receiving standard therapy for the first time. The meta-analysis included 9 studies in 2813 patients. Only 6 studies reported on deaths that occurred during the study period and the duration of follow-up ranged from 6 months to 2 years. Our findings indicate that LC had a more beneficial effect on all-cause mortality than standard therapy with no significant heterogeneity. Comparing the reduction in cardiovascular event rates between the groups, there was a tendency toward statistical significance (P=0.07) in the LC group. The mechanism by which LC might reduce all-cause mortality is controversial. One potential explanation for the decreased mortality in the LC group might be related to slowing of vascular calcification. Several RCTs have showed that use of calcium-based phosphate binders was associated with greater vascular calcification than non-calcium-based binders [6] . A previous review showed that the incidence of hypercalcemia was lower with LC than with calcium-based phosphate binders [29] . Behets et al. [30] found that LC could reduce net calcium absorption to a greater extent than sevelamer. Similarly, our meta-analysis found that the serum calcium level was lower in the LC group with no significant heterogeneity. Filiopoulos et al. [31] compared sevelamer hydrochloride and LC in patients on hemodialysis and found a beneficial effect of switching from sevelamer hydrochloride to LC in terms of reducing metabolic acidosis and hyperkalemia. Moreover, several studies have shown that switching from sevelamer to LC could reduce drug costs and tablet burden while maintaining serum phosphate levels within the normal range [32, 33] . Unfortunately, there were not enough RCTs available to compare these parameters between the various phosphate binders individually. In our meta-analysis, we found no significant difference in the serum phosphate level, but the serum iPTH level was higher in the LC group with no significant heterogeneity. Previous studies have shown that a lower serum iPTH level was common in patients with the adynamic bone disorder generally associated with overuse of calcium-based phosphate binders [34] . This suggests that LC might prevent oversuppression of iPTH secretion and have a beneficial effect on adynamic bone disorder and vascular calcification.
Although this meta-analysis yielded promising results, some limitations need to be taken into consideration. First, it included 9 RCTs, 6 of which compared LC with calcium carbonate and 3 of which compared an LC group with a control group using other phosphate binders, mainly including calcium carbonate, calcium acetate, and sevelamer, so it was difficult to compare the effects of LC with those of other phosphate binders individually. Second, the number of studies was small, the number of study participants in each trial was also small, and the methodological quality of the trials was variable, all of which limit our ability to draw any definitive conclusions.
Conclusion
Compared with standard therapy, LC reduces all-cause mortality but not the risk of cardiovascular events in patients on hemodialysis. LC and the other phosphate binders decreased serum phosphate levels to a similar extent, but LC also decreased the risk of hypercalcemia.
